Abstract
INTRODUCTION
According to the results of analyses performed in previous years by the Environmental Agency of the Republic of Slovenia, the average annual runoff in Slovenia over the last fifty years is diminishing. A similar tendency is exhibited by the environmental indicator of the annual river balance. The analyses of extremes carried out up to now have found no statistical significance of the regional assessment of discharge trends. The present discharge trend study represents an expansion of the analysis of the temporal variability of data sets on the discharges of Slovenian rivers using a larger number of representative water gauging stations. Trends are important indicators of the temporal variability of phenomena (discharges). By analysing the time sequence of the discharges, we assess the magnitude and significance of the temporal variability. In recent years, when floods and droughts as a result of climate change have become more frequent, the monitoring and study of hydrological states and events is becoming increasingly topical.
METHODOLOGY
In the analysis of the trends of discharges on Slovenian streams, data on the low, mean and high discharges were examined. The analysis was carried out for 22 water gauging stations with sufficiently long and reliable continuous data sets and which are representatively distributed across Slovenia. In analysing the trends of short data sets, the results can be affected significantly by climatic variation (Kundzewicz and Robson, 2000) , which is why only the water gauging stations with at least 50-year data sets were included into the selection. The data from the entire period of observations available in the EARS archives were used, up to and including the year 2005 ( Figure 1 ). The Laško station on the Savinja River has the longest data set of the selected water gauging stations. There, the water stages and discharges have been measured since 1907 with the exception of an interval in [1940] [1941] [1942] [1943] [1944] [1945] . That is 93 years. The average length of the data sets from the selected water gauging stations is 62 years. Changes in the time series can occur as sudden incidental changes, cyclically repetitive changes or as a continuous change with a distinct trend. The type of the trend can be most easily established analytically using linear regression analysis and graphic depiction. The simple test statistic for the depiction of a trend is the slope of the regression line that shows how distinct the trend is. If there is no trend, the value of the regression gradient is close to 0. If the trend is significant, the value of the regression gradient is (considerably) different from 0 -positive for an increasing trend and negative for a decreasing one. The statistical significance of the discharge trends was assessed with the significance levels that adopt a ten percent confidence level and the assumption that the distribution of the data is normal (Kundzewicz and Robson, 2000) . Values above 90% were adopted as a statistically significant phenomenon for changing discharges or for some selected hydrological indices.
The analysis of the trends and discharge indices was carried out based on the time series of mean daily discharges. Using the HYDROSPECT program, developed under the auspices of the World Meteorological Organization (Radziejewski, 2007) , various indices were calculated, such as the derived time series of low, mean and high discharges Kundzewicz et al, 2004) . The trend of the indices treated was determined using linear regression analysis, where time was the independent variable.
THE STATISTICAL SIGNIFICANCE OF TRENDS

Flow indices
Index of mean annual discharges Statistical estimates of the mean annual discharges (Qs) indicate the average annual quantity of water. By analysing the trend of these time series, we can assess the prominence and characteristics of changes in the quantity of water and the envisaged trend of this in the future.
Indices of low discharges
Based on the mean daily discharges, the minimum annual discharges lasting for 1 (Qmin1), 7 (Qmin7) and 30 (Qmin30) days were analysed. The analysis of minimum annual discharges of various durations also shows the characteristics of the drought periods and the occurrences of hydrological droughts, which were frequent over the last decade (Kobold, 2004; Kobold and Sušnik, 2004) .
Indices of high discharges
Five different indices were used to assess the temporal variation in the high discharges. Studies of high discharges usually focus on the trends of the maximum annual discharges (Qvp), meaning that only one event is taken into account each year, irrespective of whether there were several high-water waves or no high-water waves at all. A more representative way of describing the frequency of high waters is the use of the threshold method (the POT -'Peak Over Threshold'). When using this method, all events with discharges in excess of a set threshold are selected under the condition that the selected events are not interdependent. Therefore we can have several high discharges recorded in a year or none at all. High threshold values with a frequency (on average) of one (POT1-mag) and three (POT3-mag) values per year have been chosen. In addition to assessing the trend of the magnitude of high river flows, the trend of the frequency of high flows by calculating the number of values above the threshold (POT) -namely POT 1-f and POT3-f -for each year and the trend of these data sets were also assessed.
The data sets POT1 (POT1-mag and POT1-f) describe the magnitude and frequency of the extreme high discharges, while the sets POT3 (POT3-mag and POT3-f) describe the variability of more moderate high-water discharges. Table 1 shows for each analysed station the significance of the trends of the nine flow index series estimated using linear regression and the ten percent confidence level. When the trend is negative, the significance level is also shown as negative. 
Trend of the mean annual discharges
The trend of mean annual discharges (Qs) is a decreasing one at all the analysed water gauging stations (Figures 2, 3 and 4) . With the exception of the Mura, Dravinja, Sora, Soča at Solkan and Vipava rivers, which do not exhibit a statistically significant decrease in the mean annual discharges, all the other streams exhibit a statistically significant decrease in the quantity of water, irrespective of the length of the set used. The trend of the mean annual discharges indicates a decrease in the annual quantity of water in all the landscape units of Slovenia. The decrease in discharges is first and foremost a result of the decrease in the precipitation, which directly reduces the runoff, and the increase in temperature, which in turn increases evapotranspiration. 1933 1937 1941 1945 1949 1953 1957 1961 1965 1969 1973 1977 1981 1985 1989 1993 1997 2001 2005 Qs (m 1946 1949 1952 1955 1958 1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000 2003 Qs (m 
Trends of the minimum annual discharges
The trends of the minimum annual discharges (Qmin) were examined for the minimum annual mean daily discharges (Qmin1), minimum 7-day (Qmin7) and minimum 30-day (Qmin30) discharges. Analysis of the minimum mean daily discharges (Qmin1) indicates a statistically significant decreasing trend at the selected water gauging stations for mountain catchment areas (Figures 5 and 6 ). An increasing trend was observed in these discharge data sets on the karstic and eastern areas (in the east and south-west) of Slovenia, and is statistically significant on the Krka and Reka rivers. A similar geographical distribution is also exhibited in the longer duration minimum discharges (Qmin7 and Qmin30). The number of water gauging stations with an increasing trend is getting smaller though, while the number of those with a decreasing trend is ever greater. The Radovna River has a prominently decreasing trend in the minimum annual discharges Qmin1 and Qmin7, while these are Qmin7 and Qmin30 for the Ljubljanica. In the rivers with an increasing trend, the prominent values are exhibited by the Unica River for the Qmin7, the Krka River for the Qmin1 and the Reka River for all the low discharges, most probably caused by the artificial impact of the Molja and Klivnik water reservoirs in its catchment area. 6 1933 1937 1941 1945 1949 1953 1957 1961 1965 1969 1973 1977 1981 1985 1989 1993 1997 2001 2005 Qmin1 (m 1946 1949 1952 1955 1958 1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000 2003 Qmin1 (m 3 /s) Figure 6 . Minimum daily discharges of the Radovna and Dravinja rivers.
Trends of the maximum annual discharges
Trends of the maximum annual discharges (Qvp) indicate a lower statistical significance than the trends of the mean daily discharges (Figure 7 ). The majority of the water gauging stations analysed indicate a falling trend, which is statistically significant on the Ledava at Meža, on tributaries of the Sava (on the Radovna, Unica, Savinja, Krka and Kolpa rivers) as well as on the water gauging stations of the upper Soča River (Kršovec, Log Čezsoški). A non-significant increasing trend is only exhibited by the Dravinja and Ščavnica rivers (Figure 8 ). The trends on other rivers are not statistically significant. 1933 1937 1941 1945 1949 1953 1957 1961 1965 1969 1973 1977 1981 1985 1989 1993 1997 2001 2005 Qvp (m 1946 1949 1952 1955 1958 1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000 2003 Qvp (m 3 /s) Figure 8 . Maximum annual discharges of Radovna and Dravinja rivers.
Trends of prominence of occurrence and flood frequency
Trend of the magnitude and occurrence of high extremes (on average, one value per year -POT1 mag) indicates a similar regional diversity to the trends of the maximum annual discharges (Qvp) with a predominantly decreasing trend (Figure 9) . A statistically significant decreasing trend is exhibited by the Radovna and Krka rivers as well as the Soča in its upstream part, while only the Ščavnica exhibits an increasing trend. The remaining locations do not exhibit significant POT1 mag trends. With the occurrences of high extremes three times a year (POT3 mag), the picture changes ( Figure 10 ). The number of water gauging stations with an increasing trend increases, with the Ščavnica, Dravinja, Pesnica and Reka rivers being statistically significant. Statistically significant decreasing trends were observed on the Ledava, Radovna, Ljubljanica, Unica and Krka rivers. The other analysed rivers do not exhibit significant trends in prominent extremes. To a considerable extent, the frequency of the high extremes of the POT1-f and POT3-f indices indicates a decreasing trend that is statistically significant for almost a half of the stations. The phenomenon of high extremes occurring three times a year has 11 significant trends, while the phenomenon of extremes occurring once a year has 8 decreasing trends, showing that the number of extreme high-water events occurring in a year is decreasing. 
OVERVIEW OF THE TRENDS BY RIVER BASINS
The Mura River Basin
Overview of the trends by river basins shows us that discharge trends of the largest the Mura River in the Mura river basin are statistically non-significant. This is presumed to be the result of the use of the water from the Mura for energy generation in Austria. The Ščavnica and Ledava exhibit a statistically significant decreasing trend in the mean annual discharges, while the Ledava exhibits a decreasing trend in the maximum annual mean daily discharges. In the Ledava, the trends of the magnitude and frequency of high extremes are also decreasing. The discharges of the Ščavnica exhibit a statistically significant increasing trend in the time series of the statistical indices POT1-mag and POT3-mag.
The Drava River Basin
The Meža River has the most statistically significant trends of the rivers of the Drava river basin that were analysed. Except for the two indices of prominence of occurrence (POT1-mag and POT3-mag), the Meža exhibits statistically significant decreasing trends. Of the other selected rivers of this area, the Pesnica has a statistically significant decreasing trend in the mean annual discharges (Qs) and an increasing trend in the magnitude of a high extreme exceeding the POT3-mag threshold. The trends of other hydrological indices in Zamušani are not statistically significant. The Dravinja River at Videm does not exhibit a statistically significant trend, except for an increasing trend in the prominence of occurrence of the POT3-mag.
The Sava River Basin
Analysis of the time series on the mean daily discharges (Qs) for all the selected water gauging stations in the Sava river basin shows a decrease that is statistically significant everywhere except on the Sora River. The Sava exhibits a statistically significant decreasing trend in its low discharges Qmin1, Qmin7 and Qmin30 at Radovljica. In Litija, the decreasing frequency trends of the high extremes (POT1-f in POT3-f) are non-significant. The significance of the decreasing trend for the low discharges decreases when moving down the Sava River. The frequency of flood events has a non-significant trend at Radovljica, though the trend at Litija is a significantly decreasing one. The Qvp trend at the selected water gauging stations on the Sava is not statistically significant.
The tributaries of the Sava, Radovna and Sava Bohinjka exhibit a decreasing trend in the majority of the analysed hydrological indices. The mean annual and low discharges of both rivers have exhibited a statistical significance exceeding 98%. The decreasing of the trends covering Qvp, frequency and magnitude of the flood are statistically significant on the Radovna, while they are slightly less so on the Sava Bohinjka (86%). The Alpine tributaries of the Sava are therefore characterised by more or less prominent decreases in the water quantities, especially of the hydrological high extremes.
The Sora, with its catchment area in the pre-Alpine area, does not exhibit statistically significant trends in changing discharges, with even the annual discharge only exhibiting a mild and statistically non-significant decrease. A tendency towards statistically non-significant increases can be observed in the low discharges.
The Savinja, with its catchment area in the pre-Alpine world, exhibits prominent decreasing trends in the mean, high and low discharges, as well as in the frequency of flood occurrence. The magnitude of flood exhibits a statistically non-significant decrease. The hydrological picture given by the almost 100-year long data set has been confirmed in recent years during the high waters that occurred several times in the Savinja river basin.
The tributaries of the Sava, with their karstic catchment area (with the exception of the Ljubljanica which exhibits a mild and non-significant negative trend), exhibit a statistically significant decrease in the mean discharges (Qs), as well as a decrease in the high discharges (Qvp). The trend of the low discharges exhibits a statistically significant decrease on the Kolpa and Ljubljanica, while the Unica and Krka exhibit a prominently increasing trend in the 7-day and 30-day low discharges. The Unica and Krka also exhibit a statistically significant decreasing trend in the magnitude and frequency of the high water extremes. The decreasing trend of the frequency of the POT3-f flood extremes is statistically significant on the Kolpa, while on the Ljubljanica the trend of the magnitude of the POT1-mag flood extreme exhibits statistical significance.
Adriatic River Basin
The significance of the trend of the Adriatic river basin is it possible to combine in two groups. On the Soča, we analysed the hydrological data from three water gauging stations with long data sets. The most prominent decreasing trend of all the analysed hydrological indices is exhibited by the discharge of the Soča at Kršovec, where we can see the most prominent decreasing trends in mean, low and high discharges, as well as in the magnitude and frequency of the high extremes among all the analysed water gauging stations. At Log Čezsoški, the decreasing of the trends Qs and Qvp, the magnitude of the high extremes POT3-mag and the frequency of the high extremes are statistically significant. At Solkan, only the decreasing trend of the minimum discharges with a duration of 30 days exhibits statistical significance. The Qvp trend and the trends of the magnitude and frequency of flood extremes are increasing, but remain statistically non-significant.
In the majority of its indices analysed, the Idrijca does not exhibit a high level of statistical significance in its trends. Only the decreasing trend of the mean discharges (Qs) is statistically significant. The Vipava River also does not exhibit statistically significant trends. The data from the Cerkvenikov mlin water gauging station on the Reka River exhibits a statistically significant decreasing trend in the Qs discharges as well as in the magnitude (POT3-mag) and frequency of the occurrence of high extremes (POT3-f). On the Reka River, a statistically significant increasing trend was also observed in the low discharges: the minimum annual mean daily, 7-day and 30-day discharges, though this is most probably the result of the already mentioned impact of the water reservoirs in the catchment area.
CONCLUSIONS
Our conclusions about discharge trends on Slovenian rivers are as follow. When analysing the temporal variation of discharges, the assumption of a general decrease in water quantities in the rivers was confirmed. The discharges at the majority of the water gauging stations analysed have a decreasing trend in the mean daily discharges. Even in the high water trends, we can observe a decreasing trend to a large extent, though with a greater spatial variation in the statistical significance of the established trends. Decreasing trends with a greater statistical significance were seen in data sets for high waters, observed at water gauging stations with predominantly high-mountain and karstic catchment areas. An increasing trend is only exhibited by some of the water gauging stations analysed, predominantly in eastern Slovenia. The spatial distribution of statistically significant trends in the data sets for low discharges is similar. Northern, western and central parts of Slovenia exhibit decreasing low water discharges, while the western and southern parts exhibit an increasing of the same. A significant spatial variation in the statistical significance of the trends was also observed here. In general, we can confirm that the quantities of water in Slovenia are diminishing.
